ABSTRACT
INTRODUCTION
Aging is taking place in many countries (WHO 2011) and although this demographic shift is most prominent in Western countries, the proportion of elderly people in low-and middle-income nations is also predicted to increase by the year 2030 (Kinsella et al. 2008) . The change in age structure affects a wide range of health and economic issues, and presents novel challenges to countries and society.
Road safety is one of these challenges (OECD 2001; Transportation and Research Board 2001) , and the question "how safe is an elderly person on the road?" whether as a vehicle driver, pedestrian, or cyclist presents a challenge that has to be addressed (Braver et al. 2004; Eberhard et al. 1996) .
Over the last few decades, road safety in the elderly population has been actively addressed in Japan.
With 23.0% of the Japanese population in 2010 being 65 or over (Japan Statistics Bureau, 2011) , Japan has the highest proportion of elderly people in the world (OECD et al. 2011) . Furthermore recent data from the National Police Agency showed that since 2003, Japan has administered more licenses to elderly (≥65 years) than young (16-24 year old) drivers (Japan National Police Agency 2010). show that age affects a person's ability to make safe decisions on the road, such as when to cross, brake, or make a turn (Campagne et al. 2004; Goode et al. 1998; Lyman et al. 2001; Owsley et al. 1998) , and highlight the relationship of age and co-morbidities (Dobbs et al. 2005; Janke et al. 1994) or taking medication (McGwin et al. 2000; Ray et al. 1993) . Moreover, Li et al. (2003) showed the likelihood of death or serious injury in crashes increases because fragility increases with age.
Over the past two decades, the Japanese government has sought to reduce serious crash rates by introducing a number of road traffic legislations specifically aimed at elderly drivers. The most recent legislation introduced cognitive screening for drivers aged 75 years or over, as a prerequisite for license renewal. This measure is similar to that introduced in Denmark (Siren et al. 2012) , and other countries have introduced other licensing regulations intended to decrease fatal road crashes among elderly drivers (McGwin et al. 2008 ).
Thus our main objective in this paper is to describe and examine the trends in crash and fatality increased by 16%, 19% and 58%, respectively. In contrast, the population in the 16-19 and 20-24 age groups decreased by 19% and 24%, respectively (Table 1) . Among those aged 25-34 and 45-59 years, the population decreased, and the population of the 35-44, and 60-64 age groups increased (Table 1) .
From 2000-2010, the numbers of licensed drivers for four-wheeled motor vehicles in the three elderly age groups increased by 67%, 77% and 201%; the numbers of younger licensed drivers aged 16-19 and 20-24 years fell by 27% and 25%, respectively; and the numbers of licensed adult drivers increased, except in the 25-29, 30-34, and 50-54 age groups ( Table 1 ).
The total crash rates (fatal and non-fatal, Table A1 ) and fatal crash rates (Figures 1 and A1 ) decreased in all age groups from 2000-2010. Fatal crash rates per licensed driver were highest in the 16-19 followed by the ≥75 age groups. Injury rates resulting from four-wheeled motor vehicle crashes decreased in the elderly age groups.
Motorized two-wheeled motor vehicle riders
The total crash rates (fatal and non-fatal) per 100,000 licensed riders decreased among the elderly age groups and in the 16-19 and 20-24 age groups (Table A2) . Fatal crashes per 100,000 licensed riders decreased in the elderly and the youngest age groups while there was an increase in crash rates for the 25-64 age groups ( Figure A2 ).
Bicyclists
The total crash rates (fatal and non-fatal) among the three elderly groups decreased between 2000 and 2010. In contrast, crash rates increased in younger age groups (Table A3 ).
Fatal crash rates involving bicycles decreased in all age groups and decreased most in the elderly age groups (Figure 2 ). However, the annual fatality rate was highest among the elderly.
Pedestrians
Total pedestrian crash (fatal and non-fatal) rates per 1,000,000 population decreased steadily between 2000 and 2010 across all age groups, although the elderly experienced the highest crash rates throughout this period (Table A4) .
Fatal pedestrian road traffic crash rates fell in all age groups between the years 2000 and 2010. The annual fatality rates increase with age ( Figure 3 ), and were highest in the ≥75 age group. Although the annual pedestrian fatality rates declined by 71% between 2000 and 2010 for the ≥75 age group, the 2010 fatality rate for the same age group was nine times higher than the rate for the 16-19 age group (Figure 3 ).
DISCUSSION
The Japanese population structure has changed over ten years; the elderly population has increased and the proportion of young people has fallen. The ≥75 age group had the highest rate of population increase among all the groups, and this partly explains the increase in licensed drivers in this age group.
The changes reflect the ageing of Japan's baby-boomer generation from the country's period of rapid economic growth in the late 1960s and early 1970s and the subsequent rapid increase of automobile use in Japan. We attribute the decrease in the number of young license holders (16-24) to Japan's low fertility rate and decreased population.
Although the number of elderly license holders has increased, the road traffic crash rates for all vehicle classes have decreased, and the elderly persons' crash rate for four-wheeled motor vehicles was lower than that in the younger age groups (Table A1) . We attribute a large part of this decrease to the introduction and enforcement of road traffic legislations (Table 2) .
Differences in crash rate may also arise because the elderly are more likely to use other types of road transport than younger persons. We note there could be inherent differences in elderly persons who drive, ride, or walk, versus those who do not. Many local governments in Japan subsidize public transport for the elderly by issuing free bus coupons, taxis on demand, or other special transportation arrangements.
However, public transport systems targeted at the elderly are still under development and could be improved to better serve the growing elderly population.
The rates of fatal crashes resulting from four-wheeled motors vehicles also vary depending how the population of interest is defined. When the overall population proportion of each age group is considered, there is a decrease in fatality rates in all age groups, and the fatality rate for the elderly was lower than that for younger age groups. This indicates that at the population level, road traffic crash fatalities were less frequent among the elderly than among younger people. However, when the number of licensed drivers per age group is used to calculate fatal crash rates, the highest fatality rates are for elderly age groups. The differences in calculated fatality rates using different sample populations at risk has also been reported from other countries (Eberhard et al. 2005; Hakamies-Blomqvist et al. 2005) and may indicate increased fragility with age instead of increased crash risk (Li et al. 2003) .
The rates of two-wheeled motor vehicle crashes per licensed rider were lower among the elderly compared with other age groups, although the rates of fatal crashes were the highest. This may show how increased fragility affects the elderly.
However, we also note that the fatal crash rate calculation does not distinguish licensed active drivers from inactive drivers. This may mean that the real risk of fatal crashes among the active elderly differs from the calculated rates. If inactive, self-limiting elderly riders were excluded from the calculation, the real crash rates in the elderly could be higher than those reported here.
Road traffic crash rates among cyclists differ from those calculated for four-wheeled motor vehicles.
Total crash rates increased among younger but decreased in the elderly age groups, but fatal crash rates were higher among the elderly cyclists. We offer two possible explanations: elderly cyclists may be more fragile and thus the fatality rates increase with advanced age. Second, transport preferences may change, and elderly persons may be more likely to use bicycles; in this case elderly cyclists are more likely to be involved in fatal crashes.
Although pedestrian crash rates have decreased in all age groups, the rate among elderly pedestrians was higher than that for younger pedestrians. Elderly persons may be at an increased crash risk because of behaviors such as unsafe crossing of roads or ignoring or being unaware of traffic lights. As above, elderly fatality rates are also higher than those of younger people, reflecting increased fragility. The elderly pedestrian total crash rates decreased significantly (Table A4 ). This may reflect the implementation of safety advocacy and training by local police agencies throughout Japan.
We consider the decreases in crash and fatality rates in all age groups can be attributed to improved road safety awareness, especially among the elderly, enforcement of legislature to combat risky behaviors among road users, and environmental changes to the road environment (better road construction and management, safer vehicle designs). We intend to use these results to assess the effectiveness of elderly driver licensing legislation in Japan and to compare the effectiveness of different international approaches to road traffic safety among the elderly.
LIMITATIONS
A better measure of risk and crash rates would use the distance travelled per year by each road use category. However, these data were unavailable and we consider that license data indicate vehicle usage and reasonably estimate risk at the group level.
CONCLUSIONS
Crash rates for elderly road users in Japan declined between 2000 and 2010, reflecting improvements in road safety in different modes of transportation. However, elderly pedestrians still have a high risk of being involved in road traffic crashes and fatality rates are high. These results indicate that more effort should be made to enhance road safety for elderly pedestrians, especially considering the expected rapid growth in the elderly population. 
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